Objective: To determine the prevalence of epilepsy/seizure (epi/sz) comorbid with other neurologic disorders in elderly nursing home residents and to examine demographic and regional variability and associations with clinical characteristics.
Because of their general health, elderly individuals are much more likely to have severe consequences from a seizure than younger persons. 1 With increasing concern regarding the ability to provide adequate and appropriate care to the nursing home (NH) population, it is important to define the epidemiology of epilepsy in this cohort. In community-dwelling elderly, the prevalence of epilepsy is z1.1%. 2, 3 A majority of these cases are located in the geographic Stroke Belt. [4] [5] [6] Neurologic conditions comorbid with epilepsy are also common in NH elderly. Although the number of elderly will more than double in the United States, approaching 71.5 million by 2030, 7 and the lifetime probability of a person entering an NH before death is 43% to 46%, 8 there has not been a systematic evaluation of the prevalence of epilepsy with other neurologic disorders or the activity or cognitive status of these individuals.
We obtained the Minimum Data Set (MDS) assessments completed on all residents of Medicare-and/or Medicaid-certified NHs throughout the United States over a 5-year period (2003) (2004) (2005) (2006) (2007) . Non-Medicare patients were included, and because very few NHs are non-Medicare, this data set provides information regarding almost all persons in US NHs.
The aim of this study was to assess the prevalence of epilepsy and seizures (epi/sz) in US NHs, to characterize regional and demographic variability, and to examine whether epi/sz prevalence differed by clinical characteristics. Our hypotheses were that NH residents with certain neurologic disorders would be highly affected by epi/sz and that those with epi/sz would have worse activities of daily living and cognitive status.
METHODS Study design and study cohort. The study consisted of 5 cross-sectional cohorts of all residents in any Medicare/Medicaid-certified US NH on July 15 of each of the years from 2003 to 2007. The cohort thus includes a mixture of newly admitted residents and those who have been in the NH for a long period. Each resident's health characteristics were recorded from the resident's full MDS for Nursing Home Assessment and Care Screening record that was dated most proximal to July 15 of each year. Overall, 98% of NHs in the United States have Medicare/Medicaid certification. 9 NH data: MDS. All patients residing in Medicare-and Medicaidcertified NHs must be fully evaluated on admission, annually, and any time there is significant change in the resident's condition. A standardized assessment form (the MDS) is used. These regulations apply to all NH residents, regardless of source of payment for NH care. Nurses who have undergone specific training complete the MDS. The MDS demonstrates a reasonable level of consistency in how well MDS diagnoses correspond to hospital discharge diagnoses, and this information can be useful in research. 10, 11 Since 1997, all MDS records have been in a standardized electronic format, and a data quality protocol of range and logic checks has been in place. All data in this study are based on MDS version 2.0 https://www. cms.gov/Research-Statistics-Data-and-Systems/Computer-Data-andSystems/MinimumDataSets20/Downloads/MDS20Forms.pdf. The residents' records were searched for ICD-9 codes and diagnosis check boxes of the various neurologic conditions of interest.
Diagnoses are coded with ICD-9 codes extending 2 places beyond the decimal point, which ensures the specificity of codes for chronic conditions such as epilepsy and for concomitant illnesses, including acute illnesses. A standardized protocol was developed and used to identify indications of diagnoses in the database. 12 The MDS 2. 0 item I. Analysis. The characteristics of each annual cross-sectional cohort were summarized separately, including demographics, clinical characteristics of function and cognition, medication and comorbidity burden, adverse outcomes related to epi/sz (falls and fractures), and prevalence of epi/sz with other comorbid conditions of interest. In addition, analysis of the prevalence of epi/sz associations with scores on the activities of daily living scale 13 and rating of cognition (MDS Cognition Scale) 14 was done. The Charlson Comorbidity Index, 15 a measure of comorbidity burden in the MDS, and a medication burden scale were also included in the analysis. The medication burden scale counted the number of days of the previous 7 days that the resident received each of certain types of medications (antipsychotic, antianxiety, antidepressant, hypnotic, diuretic) and then summed the days. Because the prevalences of epi/sz and the most frequent conditions were very stable across the 5 years, further analyses used the 2007 cohort only. Selection of the MDS sets used is shown in figure  1 . For this 2007 cohort, logistic regression modeling with generalized estimating equations (to account for clustering of residents within NHs) was done to model the cross-sectional prevalence of epi/sz as a function of the demographic and comorbidities of interest, adjusting for other clinical characteristics. One model was run with stroke as the comorbid focus; one model was run with dementia as the comorbid focus. Within each of these, a step-down Bonferroni procedure 16 was used to carry out type I error correction across the p values for all tests of interest.
Standard protocol approvals, registrations, and patient consents. This study was approved by the Institutional Review Board of the University Minnesota, Twin Cities.
RESULTS
The mean annual number of elderly residents in our US NH cohort from 2003 to 2007 was 1,233,695. For 2007, the distribution of sex, age, and race among elderly NH patients with and without an epi/sz indication is presented in table 1. The prevalence of epi/sz was z1.5 times higher for men than women. The prevalence was z4 times higher in the youngest (age 65-74 years) compared to the oldest (age 851 years) age group. The highest prevalence of epi/sz by race was in black residents. Overall, those with epi/sz had on average slightly lower rates of prevalent falls or fractures in the past 180 days, slightly poorer measures of function and cognition, Figure 1 Flowchart describing cohort of nursing home residents selected a slightly higher comorbidity burden, and a slightly lower comedication burden. The neurologic condition having the highest association with an epi/sz indication was brain tumor, primary or secondary, with an epi/sz prevalence of 35.2% and 23.4%, respectively (table 2). The prevalence of epi/sz among those with dementias was lower (7.9% among those with any dementia, 7.0% among those with Alzheimer disease). The lowest rate of comorbidity was seen in those with none of the identified neurologic conditions, but even these persons had a rate of 6.5%.
There were large geographic differences in the prevalence of epi/sz comorbid with other conditions. The distribution of the prevalence of epi/sz indication among those who also had stroke and separately among those who also had dementia is shown in figure 2 , A and B. The prevalence of epi/sz among those with stroke was highest in the West (California and Alaska) and in the Middle Atlantic and Southeast (Mississippi, Alabama, Georgia, South Carolina, and Maryland). The prevalence of epi/sz among those with dementia was similarly distributed, with prevalences highest in the West (California, Washington, and Alaska) and in the Middle Atlantic and Southeast (Mississippi, Alabama, South Carolina, and Maryland).
The odds ratios (ORs) for epi/sz associated with the comorbid condition of stroke in combination with each of the demographic subgroups and similarly for epi/sz associated with the comorbid condition of dementia are presented in table 3. In both the stroke model and the dementia model, age has a strong decreasing association with risk of prevalent epi/sz: 65-to 74-year-olds have 3.8-to 3.9-times higher odds of epi/sz than those 851 years, and 75-to 84-year-olds have 1.9-times higher odds than those Abbreviations: ADL 5 activities of daily living; epi/sz 5 epilepsy/seizure; MDS-COG 5 Minimum Data Set Cognition Scale.
Restricted to those 651 years of age. The full assessment closest to July 15 is presented. Demographics are based on data appearing on a majority of assessments completed for the resident. In the event of a tie, data from the admission assessment are used.
The p values were determined from the x 2 test of whether epi/sz distribution varies by demographic subgroup or by health characteristic. All p values were ,0.0001 and most likely reflected the large sample size of the cohort.
851 years. This trend across age groups may be driven in part by a healthy survivor effect. Other demographic associations are weaker: men have 1.2-times higher odds of epi/sz than women, while blacks have 1.3-times higher odds than whites and nonblacks have equivalent odds compared with whites.
There is a 1.1-times higher odds of epi/sz for each 1.6-point (z1 SD) worse activities of daily living score; each 3-point (z1 SD) worse score is associated with 1.3-times higher odds of epi/sz for the MDS Cognition Scale, while each 6-point (z1 SD) worse score is associated with equivalent odds of epi/sz for the medication burden scale (data not shown). Results for the Charlson score were inconsistent between the dementia model and the stroke model; odds of epi/sz were 3% lower per 1.8 points (z1 SD) in the dementia model but 16% higher per 1.8 points in the stroke model.
In the stroke model (table 3) , stroke has a strong association with epi/sz risk. Those with stroke have 2.1 times the odds of epi/sz compared to those without stroke. This increased risk of epi/sz with stroke varies subtly by demographic subgroup; for example, men have 2.0-times increased odds while women have 2.2-times higher odds of epi/sz with stroke. Here, the strong effect of age is seen again: 65-to 74-year-olds with stroke have 3.3-times higher odds of epi/sz than 851-year-olds with stroke, while 65-to 74-year-olds without stroke have 4.3-times higher odds of epi/sz than 851-year-olds without stroke.
In the dementia model (table 3) , overall dementia has no association with epi/sz risk. Those with dementia have 1.0 times the odds of epi/sz compared to those without dementia. This is largely true by demographic subgroup as well; for example, men and women alike have an OR for epi/sz associated with [17] [18] [19] [20] [21] The prevalence of epi/sz in NHs is much greater than observed in communitydwelling persons $65 years of age, which is z1% to 1.5%. 4, 22 The 7-to 8-fold increase in the prevalence of epi/sz in NH elderly compared to communitydwelling elderly suggests an increased incidence of epilepsy either before entering the NH or after admission. A previous nationwide study found that the prevalence of epilepsy on admission to NHs was 5.83%. 12 The total number of residents with epi/sz was .90,000 in our data for each year and represents a large proportion of all persons with epilepsy in the United States.
This study contributes new information on epi/sz as a comorbid condition with other neurologic disorders. Regional variation was large and followed the well-reported geographic distribution of stroke in the United States. Persons without the studied neurologic risk factors had a high prevalence of epi/sz (6.5%), although much lower than those with the neurologic conditions. This suggests that the aging process itself may lower the seizure threshold.
In one study of the epidemiology of epilepsy in community-dwelling elderly patients, a specific predisposing condition was identified in 62% to 65% of incident cases among all-age epilepsy etiology. 12 However, in our study, the vast majority of persons with an epi/sz diagnosis had one of the specified neurologic conditions (table 2) . Only 4.8% of patients with epi/sz (data not shown) had none of the evaluated neurologic conditions. Thus, symptomatic epi/sz is much more common in the elderly NH population than in the community-dwelling population.
Stroke is reported to be the most common identifiable cause of epilepsy in the elderly. In a multicenter, prospective study of 1,897 community-dwelling individuals who had a stroke, seizures (single or multiple) 24 This compares with the 13.7% stroke comorbidity in our cohort. Hemiplegia may be a marker of severity of stroke, and those with hemiplegia had a higher rate of epi/sz than stroke alone. The geographic variability of epi/sz appears to correlate with the distribution of stroke, with residents in the Stroke Belt 5 experiencing a higher prevalence of epi/sz. The relative risk of incident epilepsy after traumatic brain injury ranges from 1.5% (mild injury) to 17.2% (severe injury), and skull fracture is predictive of later seizures. 25 It is not possible from the MDS to determine the severity of head injury, but it is notable that the prevalence of epi/sz comorbid with head injury ranged from z15% to 18% in this cohort. Those with a comorbidity of skull fracture had a much lower prevalence of epi/sz. The highest condition comorbid with epilepsy was primary brain tumor, with secondary brain tumor having a lower rate.
Epi/sz has been associated with Alzheimer disease and other dementias. In a study of 236 persons with mild Alzheimer disease living at home or in long-term care facilities and followed up for up to 8.95 years (median 5.99 years), the cumulative incidence of unprovoked seizures was nearly 8%. 26 In a population-based case-control follow-up study, the risk of seizures after the development of dementia was high (OR 8.0, 95% confidence interval 2.0-33.3). 2 We found a prevalence of 7.8%.
Parkinson disease affects dopaminergic systems, and its presence may block the pathways needed to produce a generalized seizure. 27 Our data show that the prevalence of epi/sz is higher in persons with Parkinson disease compared to those with no predisposing conditions. Our population included .6,000 persons (2003-2007) with MS, and their prevalence of epi/sz ranged from 9% to 11%, supporting a relationship between neuronal loss in MS leading to epilepsy. 28, 29 Presence of epi/sz in these patients may add to the described extra needs of these persons. 30 In addition to neurologic conditions, we evaluated hypertension and diabetes mellitus as potential risk factors for the association of epilepsy and seizures. In a case-control study, hypertension remained an independent predictor of unprovoked seizures even after adjustment for prior stroke. 31 We hypothesize that hypertension may be serving as a precursor to other undetected cerebrovascular conditions, e.g., cerebral ischemia. Although diabetes mellitus is associated with microvascular disease, there are no studies linking diabetes mellitus to the development of epilepsy. Research has established that diabetes mellitus is predictive of stroke, with one team finding an OR of 2.47 (95% confidence interval 1.16-5.24). 32 An epi/sz indication may often lead to administration of antiseizure drugs (ASDs), medications known to exhibit CNS side effects that may be more of a problem in elderly NH patients. One study found that .80% of NH residents with an ICD-9 code of 345.xx or 780.39 are being treated with an ASD. 33 Common ASD-associated adverse drug reactions such as ataxia, tremor, sedation, vertigo, dyskinesias, and lethargy may impede physical function. 34 The presence of epilepsy itself also greatly increases the risk of fracture in all ages. 34 In addition, fractures are more common in community-dwelling people 641 years of age who have epilepsy compared to those without epilepsy. This increase associated with ASD use may be due to changes in bone mineral density associated with ASDs or to side effects such as decreased balance. Fluctuations in ASD concentrations in elderly NH residents with phenytoin, carbamazepine, and valproic acid during constant dosing can be high in elderly persons in NHs. 35, 36 This may lead to episodes of dizziness, loss of balance, and confusion, which may predispose to falls and fractures. A slightly lower rate of falls and fractures in the epi/sz cohort in this study was unexpected and may be a reflection of decreased mobility in those with stroke or more cautious nursing care for those with these diagnoses. Interactions of ASDs with other drugs may also contribute to complications.
We found that scores for activities of daily living, frailty, and cognition were worse in persons with epi/ sz than in those without this diagnosis, which could also be due to the side effects of ASDs and highlights the difficult decisions needed when using ASDs in this population. For example, treating a person with Alzheimer disease after a single seizure may worsen cognition, and the probability of a second seizure is unknown.
Classic epidemiologic case ascertainment of epilepsy requires the occurrence of 2 seizures. 22, 23 There is controversy regarding treatment after a single seizure. 37 However, in the context of an elderly person at risk of injury during a seizure, many physicians initiate treatment after a single seizure. Thus, applying the criterion of $2 seizures in this population is impractical. A newer definition has been proposed by an International League Against Epilepsy report that allows one to be classified as having epilepsy after a single seizure in the presence of a CNS disorder known to have a high probability of additional seizures. 38 Because it is necessary to assign a diagnostic code to all medication prescriptions, it has been suggested that the ICD-9 code 780.39 (convulsion not otherwise specified) may be used in the presence of a single seizure when in the judgment of a physician ASD treatment is indicated. 39 From the MDS, it is not possible to distinguish among the different types of seizures, but it is presumed that the majority were convulsive. The prevalence of complex partial seizures or other types in the NH remains unknown.
The sensitivity of the MDS diagnosis variables was reviewed for 945 skilled nursing facilities in Ohio during 2000, and they were found to be valid for most diagnoses. 40 Previously, our group evaluated the correlation of epi/sz diagnoses as recorded in the MDS with medical records in 11 NHs in Minnesota. 11 The agreement between the documentation of epi/sz in NH records (discharge summaries, drug orders, physician notes) and on the MDS was 92.3% of 142 records (k 5 0.83). 11 However, few records mentioned the use of an EEG or neurologist involvement in the assignment of the ICD-9 codes.
The major limitation of this study is that coding of epi/sz on the MDS was probably performed by physicians generally not familiar with the definitions of epilepsy used by neurologists. While this study documents the prevalence of the epi/sz diagnostic codes on the MDS, it does not answer the question about the prevalence of epilepsy as defined by the International League Against Epilepsy definition and based on medical records. The limitations inherent in this study demonstrate the great need for prospective studies in NHs to identify the actual prevalence of epilepsy in this cohort, to identify the extent of ASD use, and to begin to obtain evidence that may lead to appropriate use of ASDs in this vulnerable population.
AUTHOR CONTRIBUTIONS
Angela K. Birnbaum and Ilo E. Leppik: reviewed data analysis, wrote and revised manuscript. Kenneth Svensden: performed statistical analysis. Lynn E. Eberly: directed statistical analysis, wrote and revised manuscript.
STUDY FUNDING
This project was supported by grant Association of Schools and Programs of Public Health/Centers for Disease Control and Prevention (S-3822; Drs Eberly, Leppik, and Svensden) and the NIH (5R01AG026390; Drs Birnbaum, Eberly, and Leppik) from the National Institute on Aging. The content is solely the responsibility of the authors and does not necessarily represent the official views of the Centers for Disease Control, the National Institute on Aging, or the NIH.
